Introduction
Nowadays, as the next-generation lighting and display systems, the white light-emitting diodes (WLEDs) are attracting much attention due to their environmental friendliness, reliability, and low power consumption. [1] [2] [3] [4] [5] 28, 29 In general, the manufacture of white light phosphors follows one of two routes. One approach is to mix monochromatic (red/green/blue) phosphors in the best proportion, the other approach is to excite yellow phosphors using blue or ultraviolet (UV) emitting chips. 6 However, for phosphor mixtures, the strong re-absorption and nonuniformity of luminescence problems exist, this result gives rise to the loss of luminescence efficiency, properties, and multicolor emitting points. Compared with phosphor mixtures, a single phase phosphor has more advantages and overcomes these problems. So, the single phase phosphor is a very promising material. [7] [8] [9] 30, 31 Recently, more and more scholars focus on pyrophosphate phosphor materials which have the advantage of environmental friendliness, chemical stability, low power consumption, and high efficiency, etc. 10 In the rare earth family, due to the existence of 5 
Sample characterization
The X-ray diffraction (XRD) patterns of the samples were recorded via using Japan Rigaku D/Max-2200 X-ray diffractometer with Cu-Ka radiation (l ¼ 0.15406 nm). The excitation and emission spectra were observed by the Hitachi F-4600 uorescence spectrophotometer. Fluorescence lifetime were investigated by using the Edinburgh FS5 uorescence spectrophotometer. All the measurements above were carried out at room temperature. From the emission intensity of sensitizer, the energy-transfer efficiency (h ET ) from a sensitizer to an activator can be obtained as the following equation: In general, for the energy transfer from a sensitizer to an activator, there are two main aspects: one is exchange interaction (the typical critical distance is no more than 5Å) and the other is multipolar interaction (the critical distance is longer than 10Å). 17, 23, 24 According to Blasse, the critical distance R c for energy transfer from the Tb 3+ to Eu 3+ ions can be calculated using the following equation:
Results and discussion
18,20,26,27
here, V is the unit cell volume, x c is the critical concentration, and N is the coordinate number of molecules in the unit cell. be more accurate tted via using second-order exponential decay mode as follows:
where A 1 and A 2 are the tting parameters, t is the time, s 1 and s 2 are the decay times for different exponential components, I is the phosphorescent intensity, respectively. The average decay time s of Eu 3+ can be expressed as the following equation: Fig. 8 . 
